Background: Hemodialysis patients are potentially susceptible to infection with blood-borne viral agents, especially hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV).
Background
Widespread access to dialysis has significantly increased survival in patients with chronic renal failure. During hemodialysis, the patient's blood flows through a filter in a dialysis machine. Although this method can be efficient to treat renal failure, it may also lead to the transmission of some blood borne infections, such as HBV, HCV, and HIV (1) (2) (3) . The prevalence of HBV and HCV among hemodialysis patients is highly variable in different countries and even at different centers in the same locality (4) (5) (6) . According to various studies conducted at hemodialysis centers in developing countries, a high prevalence of HBV infection (20.2%) has been reported in these patients (7) . The modern era since the advent of infection control policies, particularly immunization, and also the separation of hemodialysis patients that are HBs antigen positive, have considerably reduced the spread of HBV in this population. Vaccination against HBV before the patient progresses to end-stage renal failure is the best way to protect against HBV infection in hemodialysis patients (8) .
The prevalence of HCV infection in hemodialysis patients differs from 4% to over 70% in some countries (5). The major reasons for this high incidence of infection with hepatitis C are the high prevalence of infection in the general population, a lack of standard methods of prevention and effective vaccination, inadequate disinfection of dialysis machines and other medical equipment, as well as the spread of infection from one patient to another, particularly in dialysis centers (5, 6).
Patients and Methods
This study was carried out in 482 hemodialysis patients referred to eight dialysis centers in the Mazandaran province from 2012 -2013. Data on the patient demographic characteristics, including their age, gender, area of residence (rural vs. urban), and duration of dialysis treatment were gathered from patient files (1) . Before dialysis began, all cases were evaluated for HCV, HIV, and HBV and considered positive if anti-HCV and HIV antibodies and HBs Ag were detected. All positive cases were excluded from the study. Then, all HCV, anti-HIV, and HBV-negative cases were re-evaluated at three-month intervals.
Seroconversion to HCV Ab, HIV Ab and HBsAg in those who were negative at the initial evaluation but then seroconverted were considered new cases of infection. New reactive HCV Ab was followed by a PCR as a confirmatory test. HCV genotyping was determined by VERSANT HCV Genotype Assay (LiPA) (Bayer Corporation, Tarrytown, NY, USA). The Amplicor HCV kit and the LiPA were performed according to the manufacturer's instructions. The ethics and research committees of Babol University of Medical Sciences approved the research protocols, and all patients provided written informed consent to participate in the study.
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 22. Chi-square, independent samples T-test, and Fisher's exact test were employed for the qualitative and quantitative variables where appropriate. Statistical significance was defined by P ≤ 0.05.
Results
Out of the 482 enrolled patients, 253 (52.5%) were men and 229 (47.5%) were women. The mean age was 54.96 ± 16.1 years. The mean duration of dialysis was 50.6 ± 36.2 months.
All patients were negative for HIV antibodies during their dialysis treatment. Forty (8.3%) patients were positive for the HCV Ab. The mean age of these patients was 51.6 ± 10.7 years, which was statistically significant compared to the mean age of patients without hepatitis C (55.4 ± 16.4) (P = 0.002). Ten (2%) patients were positive for HBs Ag with a mean age of 58.5 ± 14.1 years, while the mean age of those who were negative for the antigen was 55.0 ± 16.1 years. No significant difference was observed between the mean age of these two groups (P = 0.54). The mean duration of dialysis in patients with HBV was 45.6 ± 37.2 months, while the average length of dialysis in the HBs Ag-negative patients was 49.2 ± 40.8 months (P = 0.19).
In the first evaluation, one patient was positive for both HBV and HCV. This patient became negative for the HBs Ag during the study period. Furthermore, new cases of hepatitis B were not identified, while the HBs Ag-positive patients became negative. Overall, the seroconversion rate of HCV was estimated as 0.63% (5 out of 400 patients). Two out of the 5 seroconversions occurred during 2012 among the 398 negative cases, and 3 of these 5 cases were identified during 2013 in 402 negative patients. The incidence rates for HCV infection in 2012 and 2013 were 0.5% and 0.75%, respectively.
Results obtained from anti-HBs antibody titration showed that 53.35% of vaccinated patients had sufficient amounts of antibodies against HBV. In the five new HCV Abpositive cases, HCV RNA was detected in four. Genotypes 1 and 2 were seen in two and one cases, respectively, and dual genotypes of both 1 and 2 were noted in one case (Table 1 and Figure 1 ). 
Discussion
Infection with HBV and HCV is a major problem in patients undergoing hemodialysis. Viral transmission occurs through the internal contamination of devices used for hemodialysis due to an insufficient cleaning system used between dialysis sessions, equipment sharing, and the use of common vials to prepare and inject drugs (5) .
Despite the accessibility of serologic tests, a vaccine, and global prevention standards, the risk of hepatitis B infection in dialysis patients is still a serious problem. However, the prevalence of infection with hepatitis B is very low in comparison with hepatitis C (6). The prevalence of HBV was 2.53% in 2011 and remained at a similar level during the following years. Improvements in hemodialysis devices and more stringent hygienic rules have significantly decreased the number of hepatitis B cases in this population. The incidence of hepatitis B was 3.23% in India and was higher than that obtained by our study (9) ; this difference could be due to the higher population in India compared with Iran and the therefore subsequently higher number of hemodialysis cases. In another study performed in India, the prevalence of HBV was greater (10.2%) and was also higher than the report of Prakash et al. as was the case in our study (8, 9 ). However, it should be noted that both of the Indian studies were conducted in different geographic areas with distinct populations and environmental conditions. In the present study, we found that the HCV prevalence reached its peak in 2012 (8.43%); the prevalence in 2011 and in the years after 2012 decreased. The significant increase in the hepatitis C prevalence seen in 2011 could be due to many factors, such as the breakdown of hemodialysis devices that may have caused overcrowding of patients.
In 2015, Chebrolu et al. reported a 2.1% hepatitis C prevalence (10) . The rates of overt hepatitis C infection and occult hepatitis C were reported to be 2.4% and 0.25%, respectively, in Baid-Agrawal et al.'s 2014 study, which were lower than the results of our study (11) . This difference could have resulted from more meticulous hygiene in developed countries versus that in our country. In 2008, Fabrizi et al. reported the prevalence of HBV in developing countries as 2% -20%, which was higher than that found in developed ones (12) . Thus, this finding could also be generalized to hepatitis C.
Mittal et al. reported a hepatitis C prevalence of 16.1%, while in Prakash et al.'s study, it was found to be 6.99% (8) . Although these two studies had different circumstances, over time, the prevalence of HCV decreased in both. An increased commitment of personnel to the preventive rules set forth by the WHO could be one explanation for this decreased prevalence.
Alavian et al. showed that the incidences of hepatitis C in a hemodialysis unit in the Mazandaran province in 2003 and 2008 were 12% and 11.8%, respectively, and in comparison with our study (13, 14) . According to Mohtasham-Amiri et al. the prevalence of hepatitis C in the Guilan province was 24.8% in 2003 (15) . In 2011, Joukar et al. reported that the prevalence of hepatitis C was 11.9% in the same province (16) . These findings indicate a decline in the prevalence of hepatitis C in the Guilan province, which is similar to the result of the current study and mirrors the decrease in the prevalence of hepatitis C in the Mazandaran province. In 2012, the hepatitis C prevalence in hemodialysis patients was reportedly 2.5% and 7% in the Isfahan and Kerman provinces, respectively (17, 18) . In 2010, Alavian et al. estimated the incidence of HCV in hemodialysis patients to be from 4.5% to 26.4% in different provinces. According to other studies, the prevalence of hepatitis C in the Mazandaran province was reported to be less than the national average (14) .
In our study, the prevalence of hepatitis C was less than 15%, which was consistent with the results of the Su et al. study; fortunately, the prevalence of hepatitis C in our country is less than that in developing countries (19) . In agreement with Katayama et al. the prevalence of HBV was 6.2% and the annual incidence was zero, which are similar to the results obtained by our study (20) . The incidence of HBV in the present study was also zero, but only in 2011. In 2012 and 2013, the prevalence rates of HCV were 0.5% and 0.75%, respectively. In spite of the peak HCV prevalence in 2012, its incidence was at the peak in 2013.
Sypsa et al. reported a 6.2% incidence of HCV in 2005 that was higher than that of our study in 2013 (21) . The highest prevalence of hepatitis C was identified in the age group from 40 -59 years (P < 0.001). Prakash et al. found a 7.8% hepatitis C prevalence in patients from 14 -60 years that was higher than any other age group (9) . In the studies of Joukar et al. and Kalantari et al. and Zahedi et al. there were no associations between age and the prevalence of hepatitis C (16) (17) (18) . In addition, a higher prevalence of hepatitis C has also been seen with increasing dialysis duration times (P = 0.61). In this study, we found a significant relationship between the duration of hemodialysis and the prevalence of HCV, which was similar to the results of Joukar et al.'s survey but differed from Kalantari's and Zahedi's studies. The result was in agreement with the investigations by Mohtasham Amiri and Joukar (15, 16) , but this information was not reported in the studies of Kalantari and Zahedi et al. (16, 18) , so no comparison could be made.
In Prakash et al. study, the mean duration of dialysis for patients both with and without hepatitis C was 17 and 12 months, respectively, and was significantly meaningful (9) . In contrast, longer dialysis times increase the probability of hepatitis C infection. Joukar et al. found a significant relationship between gender and the hepatitis C prevalence, while in our study the incidence of this infection was not significant between genders (16). Although 52.5% of the hemodialysis patients in the present study were male, the numbers of male and female patients with hepatitis B and C were equal. Several studies have reported that hepatitis is more common in men. For example, 66.9% of the patients in Mittal et al.'s investigation were male. In addition, 11.4% of hepatitis B and 32.9% of hepatitis C patients were male (8) . In Prakash's study, 2.6% of patients with hepatitis B and 9.4% of patients with hepatitis C were male (9) . Although none of these differences was statistically significant, the results are in line with our study. In the Joukar et al. study, this association was significant, and the difference in sample size and variations in the characteristics of the study population could be the reasons for these distinctions (16) . The HIV prevalence was zero in our study, which was similar to the Zahedi et al. survey (18) .
Conclusions
Our results show that the prevalence of HBV and HCV in hemodialysis patients was moderate to low in the Mazandaran province. Based upon the obtained prevalence information regarding these viruses, the incidence rates were therefore reasonable.
